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The of the Z-axis, towards -X). The +Z thrusters are used for the MCCM and SK maneuvers. During any maneuver, all thrusters are included in the control loop to maintain pointing and stability. The layout of MAP's thrusters can be seen in Figure 2 . A more detailed discussion of MAP's propulsion system can be found in +:
7-,i--- Figure 4 . The following sections of the paper will discuss these different tools and how they were used in this process. This file contained the maneuver start time, the maneuver duration, the maneuver average thrust (HiFi did not have a blowdown model for thrust), the spacecraft mass prior to ignition, and the tank pressure prior to ignition. All unit issues were resolved beforehand and were documented in an interface control document (ICD) 3.
The remaining products were created using QuatGena MATLAB utility used to output the attitude quatemions to control to during the maneuver. All +X maneuvers were initially planned using only thrusters 5, 6, 7, & 8 with a dutycycle of 100%. The HiFi and FlatSat simulations modeled the attitude dynamics and would provide the appropriate thruster dutycycles for all eight thrusters. This included off-pulsing by the +X thrusters and on-pulsing by thrusters one through four. 
Matrix-X -HiFi
The A separate input script was written to read in these files and use their data to initialize the HiFi simulation. The timing of events in the simulation (like the de-spin from the compound spin science mode or the slew to the burn attitude) was controlled by manually modifying a part of the input script to match the timing in the ATS template for a given maneuver.
Once the simulation was run, separate MathScript files were run to create the necessary output files. There was a maneuver summary file that included information on duty cycles, estimated AV delivered, attitude errors, and burn duration. Also created were files containing the attitude profile and thruster command profile in a format that was readable by STK/Astrogator.
Plots of sun angles, attitude errors, system momentum, and other relevant data were generated. These were FTP'd to a central location for use by the subsystem engineers for verification.
FlatSat
FlatSat is a real-time, hardware-in-the-loop Engineering PfCM induced an error in the MCC. In Table 2 , the downstream induced errors are shown for each of the phasing loop maneuvers. In all cases, the error is small, less than 30 cm/s. The P1 and P2 induced errors are small because their corrections are being made at subsequent perigees (the optimal location for energy changes in an orbit). The error induced from P3 is added at the PfCM, executed 18 hours after perigee. This location is much less efficient than executing a maneuver at perigee. The induced error from PfCM (corrected at MCC, 7 days after lunar encounter) is largely due to the amplifying effect of the lunar encounter 5. A discussion of the observed (calibrated) execution errors is also a way to evaluate the performance of the process. However, the observed errors contain the actual propulsion system performance as well as any orbit determination uncertainties and this goes beyond the modeling described above. As it were, this calibrated performance for the MAP system for all maneuvers was well within 5%. This result was computed using a thrust scale factor in order to fit the observed data to the predicted data. 27.9
18.1
Conclusions
The greatest measure of the success of this maneuver planning process is that MAP successfully passed the Moon on July 30, 2001, at an altitude of 5000 km. This gravity assist allowed MAP to enter a small amplitude Lissajous orbit about L2 without any insertion maneuver. At this time, MAP has completed its second stationkeeping maneuver and is well on its way to a two year mission at L2. This was made possible by the use of the COTS tools described above (STK, MATLAB,
